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Abstract 
The business case for investment in power plants with CO2 capture is greatly improved if they are able to accommodate 
uncertainty in future market conditions and variations in local operating requirements. .  This paper will outline a range of 
operating modes that could be important in determining the value of power plants with CO2 capture from various stakeholder 
perspectives.  Different quantitative techniques that could provide useful insights into plant value with flexible operation are 
discussed and some preliminary baseline results from a deterministic simulation are reported. 
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1. Introduction 
Carbon capture and storage (CCS) is increasingly recognised as a potentially important family of technologies to 
mitigate the risk of dangerous climate change.  For example, the International Energy Agency 2008 Energy 
Technology Perspectives report reported that: 
“CO2 capture and storage for power generation and industry is the most important single new technology for 
CO2 savings in both ACT Map and BLUE Map scenarios in which it accounts for 14% and 19% of total [global] 
CO2 savings respectively.” [1] 
The widespread use of CCS implied by conclusions such as this suggests that CCS could be deployed in a wide 
range of operating contexts, potentially including systems with very different regulatory approaches and demand 
requirements.  This paper will focus on the particular case of power plants operating with CCS.  Even though only 
one sector of CCS deployment is considered, a wide range of potential operating requirements and stakeholder 
perspectives can still be identified, such as the examples summarised in Table 1. 
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Table 1  Examples of some perspectives on flexible operation of power plants with CCS 
Stakeholder Example role Example concerns 
Electric utility Own and operate power plants to make a 
profit. 
Managing a portfolio of plants that leave options open given an 
uncertain future.  Maximising value of plants within the 
portfolio (e.g. by selling electricity, grid support services, any 
useful by-products). 
Electric system operator Operate electricity network and 
responsible for ensuring reliable, high 
quality electricity supply. 
Providing secure supply at minimum cost (e.g. by identifying 
generators or consumers that are able to operate flexibly to 
minimise peaks in prices). 
Policy-makers Responsible for protecting society’s 
interests, e.g. by making laws and 
determining incentives. 
Introducing legislation to protect the environment. 
Identifying most cost-effective approaches to shape decisions by 
others so that they benefit society. 
 
Table 1 highlights a number of stakeholder concerns where flexible operation of power plants with CCS could be 
necessary and/or valuable.  For example, in some electricity systems it is expected that non-fossil fired power plants 
(e.g. wind and nuclear) will dominate the baseload electricity generation mix in the future.  It is likely, however, that 
additional fossil-fired power plants will need to be operated to provide flexible generation that can be used by the 
electric system operator to ensure that reliable electricity supplies are maintained.  The electric utilities that own and 
operate all of these plants will want to ensure that they are able to make reasonable returns on their investment in 
their portfolio.  Meanwhile, it is likely that some investment and operating decisions will be affected by, for 
example, policy-maker decisions to introduce support measures for particular technologies and environmental 
standards required for plants to be allowed to operate. 
The remainder of this paper will review the technology potential for flexible deployment and operation of power 
plants with CO2 capture (Section 2) and outline some challenges for including CCS flexibility in models used to 
inform investment decisions (Section 3).  Finally, we present and discuss some results from initial quantitative 
analysis of a few possible operating modes for a supercritical coal-fired power plant with post-combustion capture 
(Section 4).  Implications of flexible operation of power plants with CO2 capture for CO2 transport and storage 
systems is beyond the scope of this paper.  Further work is required in this area, however, including in characterising 
transient flows in pipeline systems [2] that would be expected to arise from likely flexible operations for power 
plants with CO2 capture operating in a range of contexts. 
2. Some technology options for flexible deployment and operation of CCS 
Previous work by the authors has outlined principles for various modes of flexible operation of post-combustion 
capture at power plants, including some detailed work on steam cycle design, e.g. [3-5].  Other useful contributions 
in the literature include dynamic absorber modelling reported by [6] and results obtained from a pilot scale unit run 
as part of the European CASTOR project [7,8].  The preliminary analysis reported in Section 4 considers two 
different approaches to flexible operation of a supercritical coal-fired power plant with post-combustion capture: 
x Bypassing the capture unit when electricity selling prices are sufficiently high that it is economically preferable 
to pay a penalty for emitting CO2 rather than operating the capture system; and 
x Adding solvent storage tanks so that CO2 can be removed from the power plant flue gases throughout operations, 
but the energy-intensive solvent regeneration process is left until later [9]. 
Similar operating options can also be considered for pulverised coal-fired power plants using oxyfuel capture 
[10], although there are some significant differences.  For oxyfuel designs closest to commercial deployment, the 
majority of the energy penalty is split between CO2 compression (including inerts removal) and cryogenic 
separation of oxygen from air using an air separation unit (ASU).  If the majority of the energy penalty is to be 
avoided it is, therefore, necessary to avoid both oxygen production and CO2 compression.  Liquid oxygen storage is 
standard practice so it seems likely that this could be used to temporarily avoid the use of the ASU.  It is more 
difficult to identify a suitable storage option to avoid the energy penalty associated with CO2 compression without 
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increasing CO2 emissions from the plant2. 
Flexible operation of IGCC plants with (or without) CCS is likely to focus on different approaches since gasifiers 
have very different operating to characteristics to pulverised coal-fired boilers.  For example, the hydrogen produced 
for combustion in the combined cycle of an IGCC with capture could also be used in other applications [11].  
Syngas could also be used to produce various co-products, i.e. carbon-based fuels or chemicals, rather than being 
shifted to hydrogen for power generation.  It should be noted, however, that this is likely to significantly reduce the 
overall capture level for the plant since carbon-containing liquids produced from syngas will eventually release their 
carbon content to atmosphere unless they are also used with CCS.  As with the other CO2 capture approaches that 
are currently closest to commercial deployment, storage options could provide opportunities for flexible operation of 
IGCC plants.  Depending on the integration approach taken (i.e. whether or not air is withdrawn from the gas turbine 
for the air separation unit), liquid oxygen storage might be useful.  Also, interim storage of syngas or hydrogen so 
that the gasifier can run continuously but with the combined cycle operated flexibly could be valuable [12]. 
3. Challenges and some potential methods for including flexibility in models of investment decisions 
As well as establishing the likely technical options for flexible operation of power plants with CO2 capture, it is 
necessary to consider how these can be included within quantitative economic models used to inform investment 
and operating decisions.  It is, of course, important to remember that a number of significant uncertainties need to be 
considered when economic models are developed including potentially significant site-specific variations and the 
sensitivity of results to the financial assumptions used [13,14].  It is also essential to consider both risk as well as 
expected return if an analytical approach is to satisfy the needs of investors [15]. 
Since it is difficult to quantify risk and return robustly for decision-making using traditional discounted cashflow 
techniques, such as net present value (NPV) there is a developing literature applying other techniques to investment 
decisions in the power sector, including power plants with CO2 capture.  For example, some of the authors have 
reviewed the use of real options analysis, a technique developed using well-known principles in financial 
economics, to CCS investment decisions [16].  Although some useful insights have been obtained using this 
approach (e.g. [17]) most of the studies we are aware of take little or no account of the potential value of operating 
flexibility in valuing the options considered in the analysis.  It is then important to consider whether this 
simplification is likely to significantly reduce the robustness of the results obtained and, if this is the case, how 
reasonably accurate option values can be obtained that then include important modes of operating flexibility . 
One approach for valuing options for flexible generation of electricity is to carry out a full simulation of the 
electricity network.  Cohen et al [18] report a baseline study that analysed the potential value of switching off CO2 
capture for different periods within a coal-fired power plant with post-combustion capture in the ERCOT 
(Electricity Reliability Council of Texas) electricity network.  We are not aware of any network simulations that 
included any of the storage options outlined in Section 2.  Network simulations including other storage applications 
have, however, been undertaken and it seems likely that following a similar approach to such studies would be 
useful.  For example, Su [19] explores optimal demand-side participation in day-ahead electricity markets within the 
unit commitment problem that underpins many detailed models of electricity systems and Allan and co-workers [20] 
propose a Monte Carlo simulation approach for modelling scheduling of hydro pumped storage. 
Although detailed electricity network simulation can provide useful insights into power plant values within 
electricity systems, they also have some limitations in providing the data required for quantitative modelling to 
inform long-term investment decisions.  They are very data-intensive so significant time and effort may be required 
to build a model before any results can obtained to judge whether that effort is justified.  In addition, it is unusual to 
run these detailed models for time periods that are of interest to investors, partly because the data required to do this 
would be difficult or impossible to obtain.  One possible alternative is to use Monte Carlo analysis (MCA) with a 
 
2 It should be noted that if the plant is operating in a jurisdiction that has a cap on overall CO2 emissions then this additional CO2 emission 
will have to be accompanied by a decrease in CO2 emissions, either somewhere else in that jurisdiction or on the same plant but at another time, 
so bypassing CO2 capture will not always lead to a net increase in CO2 emissions to atmosphere overall. 
H. Chalmers et al. / Energy Procedia 1 (2009) 4289–4296 4291
4 Author name / Energy Procedia 00 (2008) 000–000 
less detailed characterisation of the electricity network, but a more extensive treatment of the risks and uncertainties 
that investors must consider in decision-making.  MCA is an established technique for quantitative risk analysis and 
a useful introduction can be found in standard texts, e.g. [21].  In this case, one significant challenge is to establish 
robust correlation between key parameters included in the analysis.  We are not aware of any public domain 
applications of MCA for power plants with CCS. 
Finally, it is important to note that many decisions related to power plant investment, as well as operating and 
policy decisions, require analysis that considers a portfolio of plants.  For an electric utility this would be the plants 
that they own, but for an electric system operator or policy-maker the whole system may be the most relevant 
portfolio to consider.  A formal quantitative approach to portfolio analysis is available, again drawing on the 
principles of financial economics.  Awerbuch and Berger [22] provides a thorough introduction to the application of 
mean variance portfolio theory for electricity planning, reminding readers that portfolio analysis cannot prescribe a 
single best combination.  Instead a range of “efficient choices” that show the trade-off between best available return 
with minimum portfolio risk are found.  We have not identified any public domain studies using CCS in portfolio 
theory but relevant examples for other applications may be useful.  For example, Doege and co-authors [23] 
consider valuation of flexible operation within the context of risk management of power portfolios using the 
example of dispatch of a hydro pumped storage plant. 
4. Initial assessment of some key sensitivities for valuing flexible operation for power plants with CCS 
The previous sections of this paper have introduced a range of stakeholders who may wish to value CCS in 
different contexts, outlined some technical options for flexible operations of power plants with CCS and discussed 
quantitative techniques that may be useful to inform investment decisions.  It is likely that preliminary economic 
analysis to determine which modes of operating flexibility should be included in more detailed analysis (e.g. 
detailed simulation of electricity networks, real options analysis etc) will be important to ensure that time and effort 
is focussed on the most important characteristics of power plants with CO2 capture.   
This section, therefore, presents and discusses results from an initial assessment of different modes of operating 
flexibility that could be available for a supercritical coal-fired power plant with post-combustion capture.  It is 
assumed that maximum fuel input is used if the plant operates (i.e. that the plant does not operate at part load) and 
that the power plant operating decision is made to maximize profits obtained by selling electricity.  The reported 
profits are the difference between plant income and expenditure on short run marginal costs (e.g. fuel and CO2 
emissions payments but not long-run costs such as capital payback and fixed operation and maintenance). 
Although the examples presented are relatively simple and not fully representative of real power plant operation 
it is expected that the method and results used here can be extended to assess other important modes of plant 
operating flexibility including: 
x potentially earning significant income by providing support (ancillary) services in the electricity network; 
x co-firing/co-gasifying biomass with an associated potential for net negative CO2 emissions; and 
x providing sufficient reserve capacity to avoid needing to build replacement power capacity after a CCS retrofit. 
4.1. Bypassing CO2 capture 
Input assumptions for power plant performance at full load and fuel prices generally follow [24] and are listed in 
Appendix A.  It is assumed that the wholesale electricity price is set by the short run marginal cost (SRMC) of either 
a subcritical coal-fired power plant without capture or a natural gas combined cycle (NGCC) without capture, plus a 
2c/kWh mark-up added to the SRMC.  Further work should consider different approaches to determining electricity 
price formation since it seems very likely that at higher CO2 prices these plants may be retrofitted with CO2 capture 
with an associated change in electricity selling prices. 
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Figure1  Baseline results for supercritical coal-fired power plant with and without CCS bypass 
Figure 1a reports short run marginal costs for a supercritical coal-fired power plant with and without CO2 capture 
and three different electricity selling prices: ‘normal’ daytime, peak and superpeak.  A change in gradient for the 
electricity selling prices is observed around $50/tCO2 since there is a change in the marginal generator.  At lower 
CO2 prices NGCC is more expensive than sub-critical steam plant (so the latter is all operating and NGCC is the 
marginal plant), but as CO2 prices rise the sub-critical coal-fired plant eventually becomes more expensive and 
hence the marginal plant. 
Figure 1b demonstrates changes in operating profit (revenue remaining after short run marginal costs have been 
paid) for each electricity selling price.  For each selling price two cases are compared: a plant that must always 
operate with CO2 capture (i.e. no bypass) and one where the plant operator can choose to bypass the capture unit if 
this economically advantageous.  For this initial analysis, it is assumed that when the capture unit is bypassed the 
plant has identical performance to a plant built without CO2 capture and that additional power generated by avoiding 
the capture energy penalty can be sold into the electricity network.  This latter condition is likely to be true for 
retrofitted capture-ready plants.  If a plant is built with CO2 capture from the outset then investors will need to 
decide whether the capital expenditure required to avoid plant constraints on operation without capture (e.g. LP 
steam turbine, generator and switchgear capacity) would be worthwhile. 
The ability to bypass capture is valuable up to CO2 prices of around $40/tCO2 for ‘normal’ daytime prices and 
$60/tCO2 for a ‘peak’ that is twice the daytime price.  Since there is a relatively small difference in profitability it is 
likely that observed operating patterns would not show a switchover exactly at the cross-over point indicated.  For 
example, costs associated with an additional start-up/shutdown if the operating mode was changed may become 
more significant.  For the ‘superpeak’ at 4x daytime price bypass is valuable up to CO2 prices well above 
$100/tCO2.  This is consistent with previous analysis by some of the authors [9, 25] that it is likely to be valuable for 
plant to bypass a capture unit when $/MWh electricity selling price are 2-3 times higher than the $/tCO2 penalty for 
emitting CO2. 
4.2. Solvent storage 
Figure 1 suggests that bypassing the CO2 capture unit could be valuable in a range of operating situations.  It is 
possible, however, that legislation will prohibit (either intentionally or unintentionally) CO2 capture bypass.  The 
environmental grounds for not allowing bypass provided that overall emission targets are met are extremely tenuous, 
since the long life of CO2 in the atmosphere [26] means that emissions can be averaged over at least a year with 
complete environmental integrity while more economically-efficient operation of mitigation equipment is likely to 
lead to greater overall CO2 emission reductions for the same societal costs.  Yearly averaging is already implicitly 
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recognised in emission trading schemes that require annual reconciliation of emissions and allowances, and also 
permit ‘banking’ of allowances over periods of many years.  Nonetheless, both the possibility that bypassing may 
not be allowed on ideological grounds, or be prevented by very tight limits on emissions (and hence high CO2 
prices) means that adding solvent storage within a post-combustion capture system may be attractive.   
When solvent is stored, CO2 is removed from the power plant flue gas but not emitted to the atmosphere.  
Instead, ‘rich’ solvent containing CO2 is temporarily stored.  The solvent is then regenerated later when the cost of 
lost output associated with the capture energy penalty is lower.  For this initial analysis we have assumed that the 
energy penalty during additional solvent regeneration is increased in direct proportion with the increase in solvent 
flow for regeneration.  Additional assumptions used in the analysis are reported in Appendix A and generally follow 
those used in previous work by some of the authors [9]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2  Operating profit for 2hr solvent storage and associated additional regeneration (and equivalent cycle without solvent storage) 
Figure 2 reports operating profits for a full solvent storage cycle that includes 2 hours of solvent storage during a 
peak period combined with 8 hours of additional regeneration at 125% of normal flow rate.  This can be compared 
to the profitability of a similar plant that does not have solvent storage available.  The choice of 125% regeneration 
rate is likely to be conservative since previous work [9] suggested that faster regeneration rates would maximise the 
short-run value of solvent storage.  This could, however, be offset by the additional capital expenditure (reboiler, 
compressor and pipeline) that may be required for 150% regeneration rate.  Further work is required to explore 
different approaches to solvent regeneration.  For example, it is possible that the plant would be operating 
significantly below full fuel input rates overnight so ‘surplus’ solvent regeneration capacity is available, equivalent 
to the difference between the CO2 production from the full load fuel input and that at the reduced firing rate.  In this 
situation the reduction in electricity output associated with additional regeneration could be valuable in an electricity 
system context, rather than just being viewed as a penalty, since it allows the coal-fired plant to provide network 
support (ancillary) services but with additional output from other, lower operating cost electricity producers (e.g. 
nuclear, wind) used to meet electric energy demand. 
Perhaps the most noticeable difference when solvent storage is available is that the maximum CO2 penalty where 
bypass is economically favourable is significantly reduced to around $30-40/tCO2 for both peak cases.  For higher 
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CO2 penalties a plant with solvent storage generates a higher operating profit than a plant that does not have it.  It is, 
of course, important to note that an investment decision will weigh up these potential profits against the capital 
expenditure required to make this option available.  This estimate of capital expenditure is beyond the scope of this 
paper, but a 2004 estimate by Gibbins and Crane [25] was “approximately $8000/t CO2 capacity for additional 
solvent plus approximately 10 per cent for storage tanks and pipework (assuming carbon steel tanks)... [which] thus 
translates into a cost of $22/kWh for electricity ‘storage’”. 
5. Conclusions 
CCS is increasingly being identified as a potentially important contributor to the global effort to mitigate the risk of 
dangerous climate change.  It seems likely, therefore, that power plants with CO2 capture will be deployed in a wide 
range of operating situations often with some significant uncertainty over some key factors that could affect their 
value for at least one key stakeholder group.  A number of technology options are expected to be available for 
allowing power plants with CO2 capture to operate flexibly.  It will be necessary, however, to consider which 
approaches are most appropriate for which technology, partly in response to site-specific requirements.  Including 
operating flexibility in robust quantitative analysis which accurately characterises both the expected return and risk 
associated with a power plant investment is non-trivial but a number of methods may be available.  It will also be 
important to develop reliable approaches to screening which modes of operating flexibility are likely to be 
sufficiently significant to be worthwhile including in detailed analysis.  Some initial results for a deterministic 
simulation of a supercritical coal-fired power plant with post-combustion capture are reported.  They indicate that 
the ability to bypass CO2 capture could be valuable up to CO2 penalties of around $40/tCO2 for ‘normal’ daytime 
electricity prices.  For peaks in electricity price, bypassing capture will be valuable for much higher values of CO2 
penalty.  Solvent storage significantly reduces the CO2 price at which bypassing capture is economically attractive, 
but at a capital cost.  It would, however, allow flexible operation with tight emissions caps, and hence high CO2 
prices, and also could overcome any intentional ideological restrictions, or unintentional regulatory limits, on 
flexible operation involving capture bypassing at lower CO2 prices.  
Acknowledgements 
We gratefully acknowledge financial support from the UK Energy Research Centre and the UK Research 
Councils (through the UK Carbon Capture and Storage Consortium, www.ukccsc.co.uk).  We have also benefited 
from stimulating discussions and debates with many colleagues in developing the ideas discussed in this paper. 
References 
1. IEA. Energy Technology Perspectives 2008, IEA/OECD: 2008. 
2. J.M. Race, P.N. Seevam and M.J. Downie Challenges for offshore transport of anthropogenic carbon dioxide 26th International Conference 
on Offshore Mechanics and Arctic Engineering, San Diego, USA, 2007 
3. H. Chalmers, M. Lucquiaud, J. Gibbins and M. Leach, Flexible Operation of Coal Fired Power Plants with Post Combustion Capture of 
Carbon Dioxide, ASCE Journal of Environmental Engineering (2008), submitted 
4. M. Lucquiaud and J. Gibbins, Carbon dioxide capture-ready steam turbine options for post-combustion capture systems using aqueous 
solvents Proc. Instn Mech. Engrs Part A: J. Power and Energy (2008) submitted 
5. M. Lucquiaud, H. Chalmers and J. Gibbins, Capture-ready supercritical coal-fired power plants and flexible post-combustion CO2 capture 
9th International Conference on Greenhouse Gas Control Technologies, Washington DC, USA, 2008  
6. H.M. Kvamsdal, J.P. Jakobsen, and K.A. Hoff, Dynamic modeling and simulation of a CO2 absorber column for post-combustion CO2 
capture, Chemical Engineering and Processing (2008) in press 
7. P.H.M. Feron, M.R.M. Abu-Zahra, P. Alix, O. Biede, P. Broutin, H. de Jong, J. Kittel, J. N. Knudesn, L. Raynal and P.J. Vilhelmsen 
Development of post-combustion capture of CO2 within the CASTOR Integrated Project: Results from pilot plant operation using MEA 3rd 
International Conference on Clean Coal Technologies Sardinia, Italy, 2007 
8. J.N. Knudsen, J.N. Jensen, P.J. Vilhelmsen and O. Biede Second year operation experience with a 1 t/h CO2 absorption pilot plant at 
Esbjerg coal-fired power station in Denmark 24th Annual Pittsburgh Coal Conference, Johannesburg, South Africa, 2007 
H. Chalmers et al. / Energy Procedia 1 (2009) 4289–4296 4295
8 Author name / Energy Procedia 00 (2008) 000–000 
9. H. Chalmers and J. Gibbins, Fuel (2007) 86, 2109-2123 
10. H. Chalmers, J. Gibbins and M. Leach, Initial Assessment of Flexibility of Pulverised Coal-Fired Power Plants with CO2 Capture 3rd 
International Conference on Clean Coal Technologies for our Future, Sardinia, Italy, 2007 
11. IEA GHG, Co-production of hydrogen and electricity by coal gasification with CO2 capture Technical Study Report Number 2007/13, IEA 
Greenhouse Gas R&D Programme: UK, 2007 
12. A. Newcomer and J. Apt, Environ. Sci. Technol. (2007) 41, 7974–7979 
13. H. Chalmers, J. Gibbins and M. Leach, Site Specific Considerations for Investments in New Coal-Fired Power Plants with CO2 Capture, 
24th Annual Pittsburgh Coal Conference, Johannesburg, South Africa, 2007 
14. G. Allinson , M.T. Ho, P.R. Neal and D.E. Wiley, The methodology used for estimating the costs of CCS 8th International Conference on 
Greenhouse Gas Control Technologies, Trondheim, Norway, 2006 
15. R. Gross, P. Heptonstall and W. Blyth Investment in electricity generation: the role of costs, incentives and risks UK Energy Research 
Centre Technology Policy Assessment Function Report: London, UK, 2007 
16. H. Chalmers, M. Leach and J. Gibbins Valuing flexibility for real options analysis of power plants with CO2 capture Energy Economics 
(2008) submitted 
17. D. Patiño-Echeverri, B. Morel, J. Apt and C. Chen Environ. Sci. Tech. (2007) 41(3), 7980-7986 
18. S.M. Cohen, G.T. Rochelle and M.E. Webber Turning CO2 capture on & off in response to electric grid demand: a baseline analysis of 
emissions and economics Energy Sustainability 2008, Jacksonville, Florida, USA, 2008 
19. L-C Su, Optimal demand-side participation in day-ahead electricity markets, PhD thesis, University of Manchester, 2007 
http://www.eee.manchester.ac.uk/research/groups/eeps/publications/reportstheses/ (accessed 11th October 2008) 
20. R.N. Allan, R. Li and M. M. Elkateb, Modelling of pumped-storage generation in sequential Monte Carlo production simulation. 
Generation, Transmission and Distribution, IEE Proceedings (1998) 145(5), 611-5 
21. D. Vose, Risk Analysis: A Quantitative Guide 2nd ed. John Wiley & Sons, Ltd: UK, 2000 
22. S. Awerbuch and M. Berger Applying Portfolio Theory to EU Electricity Planning and Policy-Making. Report No.: EET/2003/03: 
OECD/IEA, 2003 
23. J. Doege, P. Schiltknecht, H.J. Luthi, Or Spectrum (2006) 28(2), 267-87 
24. J. Davison Energy (2007) 32, 1163-1176  
25. J.R. Gibbins and R.I. Crane, Proc. Instn Mech. Engrs Part A: J. Power and Energy (2004) 218, 231-39 
26. J. Hansen (and 46 co-authors) Dangerous human-made interference with climate, Atmos. Chem. Phys., 7, 2287–2312, 2007, www.atmos-
chem-phys.net/7/2287/2007/ 
 
Appendix A. Assumptions for analysis presented in Section 4  
Table 2  Summary of efficiency and CO2 emitted at full load for power plants 
 Supercritical coal  
(no CCS) 
Supercritical coal  
(with CCS, 90%) 
Subcritical coal NGCC 
Efficiency (%, LHV) 44 35 36 55.5 
CO2 emitted (g/kWh) 743 93 908 379 
 
Net plant output without CCS (at full load): 800MW 
For all operating modes, assume no balance of plant constraints for 
exporting power produced etc 
Energy penalty during solvent storage: 1% of fuel LHV 
Solvent flow during regeneration: 125% of normal solvent flow 
Regeneration time: 4 hr for each hour of solvent storage 
Energy penalty during solvent regeneration 125% of energy 
penalty without additional regeneration 
Coal price: $2.2/GJ 
Gas price: $7.8/GJ 
Marginal costs for solvent: $5/tCO2 
 
 
 
Nominal cost for CO2 transport and storage: $11/tCO2 
Other marginal operating costs: negligible  
Daytime electricity price: short run marginal cost of maximum of 
subcritical coal or NGCC + mark-up 
Night electricity price: short run marginal cost of minimum of 
subcritical coal or NGCC + mark-up 
Mark-up on short run marginal cost for electricity selling price: 
2c/kWh 
Peak electricity price: 2x or 4x daytime electricity price 
Length of peak price assumed for solvent storage cycle economic 
calculations: 2hr 
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